Objectives. Hypertension as the primary reason for hospitalization is often used to indicate failure of the outpatient health-care system to prevent and control high blood pressure . Investigators have reported increased rates of these preventable hospitalizations for black people compared with white people; however, none have mapped them nationally by race .
Both studies and expert committees have identified conditions for which hospitalization could be avoided if patients received early access to good quality health care. 1, 2 These conditions have been labeled ambulatory care sensitive conditions (ACSCs) 1, 2 and have been used by the federal government as Prevention Quality Indicators. 3 It cannot be assumed that, because certain hospitalizations could have been better managed in the primary care setting, care is always available. In fact, high rates of these hospitalizations are often indicators of diminished access to care for reasons such as poverty, remoteness, or lack of insurance. 4 Hospitalization for an ACSC of hypertension captures the failure of the outpatient health-care system to prevent and control high blood pressure. 3 A number of investigators have reported racial differences in hospitalizations for hypertension. Using hospital data from 1991-1998 in California for people aged 20-64 years, 5 investigators found that, among non-Hispanic people, black men had unadjusted rates that were seven times those of white men, and that black women had rates eight times higher than those of white women. Using 1997 data from 22 states, researchers studied a similarly aged population of non-Hispanic people and found comparable results. 6 Other scientists studied hospitalizations for people aged 18 years and older from 23 states and found that, after adjusting for age and sex, non-Hispanic black men and women were five times as likely to be hospitalized for hypertension as their white counterparts. 7 Similar results have been found for people aged 65 years and older using 2006 Medicare data from Maryland, where black people were three times as likely as white people to be hospitalized for hypertension. 8 Researchers have studied preventable hospitalizations, often combining all preventable hospitalization conditions within small geographic areas (e.g., ZIP Codes, cities, counties, or health service areas) as the unit of analysis. 1, 2, 6, [9] [10] [11] [12] [13] [14] [15] [16] Only a few, however, have conducted these geographic studies at the national level. 10, 12, 14, 17 To our knowledge, none have published national small-area analyses with a focus on preventable hospitalizations for hypertension. We used national Medicare hospital claims data to describe geographic differences in these rates by race from 2004-2009.
MetHoDS

Data source and definitions
We studied fee-for-service Medicare beneficiaries aged 65 years and older residing in the 50 U.S. states and the District of Columbia (DC). Patients were excluded if they were members of a health maintenance organiza-tion, if they had not yet reached 65 years of age, or if they died before July 1 of the study year.
Data from 2004-2009 were obtained from short-stay hospital claims data included in the Medicare Provider Analysis and Review, Part A, collected by the U.S. Centers for Medicare & Medicaid Services. 18 We used these data to calculate both crude rates and age-and sex-standardized rates of preventable hospitalizations for hypertension by race. We then combined data across six years to produce rates at the county level.
The population-based hospital discharge rates were calculated according to the technical specifications published by the Agency for Healthcare Research and Quality (AHRQ). 19 Accordingly, we considered a preventable hospitalization to be a discharge in a person aged 65 years or older with any of the following International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) main or first-listed diagnosis codes for hypertension: 401.0, 401.9, 402.00, 402.10, 402.90, 403.00, 403.10, 403.90, 404.00, 404. 10, or 404.90. 20 As specified by AHRQ, transfers from another institution and discharges with cardiac procedure codes in any field were also excluded. Excluded were people hospitalized with procedures such as implants and maintenance of pacemakers, surgical procedures for repair of heart valves, revascularization, coronary bypass surgery, and heart transplants. This exclusion resulted in the most serious and least preventable cases of hypertension being eliminated. Finally, discharges with any diagnosis of stage I to stage IV kidney disease were eliminated if accompanied by procedures in preparation for hemodialysis.
Our primary interests were race and geographic location. The racial categories for this analysis-white and black people-were obtained from the race code on the claim record, which is transcribed from the beneficiary file for each Medicare beneficiary. In the Medicare databases, black, Hispanic, and white racial/ ethnic categories are mutually exclusive. We used county of patient residence as the smallest unit of analysis and based larger Census areas on the four U.S. Census Bureau regions of the United States: Northeast, Midwest, South, and West. 21 To examine comorbid conditions, we used a modified version (using ICD-9 codes only) of the Elixhauser comorbidity index, which evaluates 29 chronic conditions, such as cancer, diabetes, cardiovascular disease, obesity, psychiatric conditions, and drug and alcohol abuse. 22, 23 
Statistical analysis
Rates. We calculated the crude rate of hospitalizations for hypertension per 100,000 Medicare beneficiaries and calculated age-and sex-standardized rates by race, year, and geographic location based on the 2000 U.S. standard population. We used Poisson regression in GENMOD 24 to test for differences in rates (using the log likelihood ratio test) and for time trends for each racial group. We considered rates with a numerator ,11 or a denominator ,100 to be unreliable and eliminated them from the analysis. We also eliminated extremely high rates that fell outside three standard deviations from the mean of the log-transformed distribution. 25 Mapping. We mapped age-and sex-standardized county-level rates of preventable hypertension hospitalizations for white and black people using a spatial empirical Bayesian smoothing technique to improve the statistical reliability of the rates and to generate stable estimates for counties with small populations. The spatial empirical Bayes algorithm averages the raw rate for each county with a local mean calculated based on the surrounding counties; thus, rates in areas with small populations converge to the local mean. 26 Spatially smoothed rates were calculated using GeoDa TM 0.9.5-i software, 27 and maps were created using ArcMap software version 10.0. 28
Spatial clustering.
To determine whether geographic patterns of these hospitalizations were statistically significant, we undertook a two-step process to assess positive spatial autocorrelation, or clustering. We first assessed global spatial autocorrelation across counties in the U.S. by constructing weights to identify contiguous neighboring counties using a "queen" contiguity matrix and calculating the Moran's I coefficient. 29 We then calculated the local indicators of spatial association 30 to identify where statistically significant clusters of counties with either higher-or lower-than-average rates of preventable hypertension hospitalizations occurred (statistical significance p,0.01). The GeoDa software identified the counties located at the center of each cluster. Because these clustering techniques require contiguous neighboring counties, only counties located in the 48 contiguous states having at least one neighboring high-or low-rate county were included in the cluster analyses (n53,105).
Comorbid conditions. We used Chi-square tests to determine whether comorbid conditions varied by race. 24 reSultS From 2004 to 2009, there were 237,519 preventable hospitalizations for hypertension among people aged $65 years in the U.S. This number translates to an average of almost 40,000 each year during the study period.
The Table presents the distribution of hypertension hospitalizations by various demographic factors and includes crude rates and 95% confidence intervals. Rates increased with age, with people aged $85 years being 2.6 times as likely to experience a preventable hospitalization as those aged 65-74 years. The rate for women was approximately twice the rate for men. The rate for black people was three times the rate for white people, and the rate for the "other" racial group was 1.5 times the rate for white people. The rate in the South was higher than the rate in the Northeast; however, the rate in the West was significantly lower than the rate in the Northeast. The rate for the Midwest did not differ from that of the Northeast For each of the six years studied, black people had significantly higher age-and sex-standardized rates of preventable hospitalizations for hypertension than did white people ( Figure 1 ). The rates for white and black people showed a statistically significant increase over time (p,0.0001). The gap between black and white people increased over time. Rates increased most significantly from 2006 to 2007.
Among U.S. counties, the standardized rates ranged from 27.8 to 607.7 per 100,000 population for white people (Figure 2a ). A total of 1,024 counties were excluded based on a small numerator and/or denominator, and 15 counties were excluded for extreme values. Statistically significant clusters of standardized rates for white people were found in some areas of northwest and southeast Oklahoma, northern Texas, northern Louisiana, and the Appalachian Mountain areas of Tennessee, Kentucky, and West Virginia. Areas of Midwestern states such as Minnesota, Iowa, Wisconsin, and South Dakota had clusters of low rates ( Figure  2b ). Clusters of low rates for white people were also found in parts of the Northeast, especially Massachusetts, Vermont, and western Maine. Additional clusters of low rates were found in the Pacific Northwest including northern California, Oregon, and Washington.
For black people, the standardized rates for counties ranged from 118.6 to 1,367.5 per 100,000 population ( Figure 3a) . A total of 2,465 counties were excluded based on our exclusion criteria for small numbers. Sufficient data for calculating rates at the county level for black people were available mainly for parts of Texas, the Southeast, and the Atlantic Coastal areas. Some urban areas in other regions of the country and some of the western states also had sufficient data. In those locales with sufficient data, statistically significant clusters of high rates were found mainly in northeastern Texas, northern Louisiana, and southern Alabama (Figure 3b ). Clusters of low rates were found in some portions of the South, including southern Arkansas, Public Health Reports / January-February 2014 / Volume 129 The standardized rates for black people divided by the similar rate for white people (i.e., the rate ratio) ranged from 1.0 to 6.5 (Figure 4) . Again, many areas of the U.S. lacked sufficient data to make this comparison. In those areas with sufficient data, the largest black-white ratios were found mainly in urban areas including Phoenix, Arizona; Las Vegas, Nevada; Denver, Colorado; Dallas, Texas; Houston, Texas; Miami, Florida; Chicago, Illinois; New York, New York; Newark, New Jersey; and DC. Some other areas also had large rate ratios, including many parts of Florida and one area in southern Alabama. In some rural areas of the South, such as the Carolinas, black and white rates were less disparate than in larger urban areas.
The analysis of comorbidities showed that white people (9%) were significantly (p,0.0001) more likely than black people (7%) to be without comorbidities (data not shown). Black people (86%) were slightly more likely than white people (85%) to have multiple (i.e., two or more) comorbidities. Also, black people were significantly (p,0.0001) more likely than white Public Health Reports / January-February 2014 / Volume 129 people to have diabetes (20% and 12%, respectively), renal disease not requiring dialysis (20% and 14%, respectively), congestive heart failure (11% and 8%, respectively), and iron deficiency or other deficiency anemia (11% and 7%, respectively) as comorbid conditions (data not shown).
DiScuSSion
We found that black people had higher rates of preventable hospitalizations for hypertension than white people, rates for black and white people increased in a significantly linear fashion over time, and the gap between black and white people increased over time. Both races showed high rates of preventable hospitalization in many areas of the South, though the lowest rates for black people were in the Carolinas, where white people showed mid-range to high rates. The lowest rates for white people were in the Pacific Coastal area, including northern California, Oregon, and Washington, followed by low rates in parts of New England. Racial disparities were mainly noted in large urban areas throughout the U.S. Although black people still had higher rates of preventable hospitalizations than white people in the Carolinas and parts of the rural South, the disparities between black and white people were less pronounced in these areas.
Nearly two decades ago, the Institute of Medicine Committee on Monitoring Access to Personal Health Care Services 9 issued a report on access to health care in the U.S. and the existence of racial disparities in such access. According to our research and that of others, 5, 7, 8, 31 these disparities persist and are consistent with a lack of access to quality outpatient care.
We found only a few studies that separated preventable hospitalizations for hypertension from other preventable hospitalizations and where results were reported or mapped geographically. One study mapped county rates in Utah and found that those living in eastern Utah (a rural area) had twice the rate of preventable hospitalizations for hypertension of those living in the Wasatch Front area (an urban area extending around Salt Lake City). 16 Our results also showed that, for white people, rates were relatively low around Salt Lake City. Another study mapped preventable hospitalization rates for hypertension by county in South Carolina and found a relatively large cluster in the eastern part of the state, with smaller clusters occurring in the northern and southern areas of the state. 13 Our results also found higher rates in the southeastern part of South Carolina; however, the rates for South Carolina were generally lower than those found in other southern states.
Sumner and colleagues examined rates of preventable hospitalizations for hypertension in Missouri using county-level data to help prioritize medical education topics. 32 They found substantial variation (nine-to 12-fold) in these rates across counties, although they did not provide a map showing rates by county. Our study showed high rates of preventable hypertension hospitalizations for white people living in the northwestern part of Missouri. Sumner and colleagues' multivariate model explained about 80% of the variation in rates for hypertension. They proposed that strategies to address higher rates of hypertension in certain counties should focus on improving lifestyle behaviors (e.g., quitting smoking and increasing physical activity) and addressing factors associated with access to outpatient care (e.g., lack of insurance, poverty, and low physician density). Interestingly, at least for Missouri, the authors found that variation in quality of care contributed little, if anything, to preventable hospitalizations for hypertension. Also, self-reported prevalence of hypertension was not a particularly important variable in their multivariable models. Hypertension differed from other conditions such as asthma, congestive heart failure, and diabetes, where comorbid conditions and preventive care service delivery provided additional explanatory power to their statistical models. Our own data on comorbidities indicated that black people were only slightly more likely than white people to have multiple comorbidities; however, these comorbidities were more often associated with increased cardiovascular disease risk (i.e., renal failure, congestive heart failure, and diabetes). These comorbidities might be expected to contribute to a more complex hypertensive disease resulting in greater difficulty in controlling hypertension in the outpatient setting. 33 Although earlier studies show racial differences in geographic variations of hospitalizations for hypertension by counties within states, this study contributes newly to the literature in the following ways: (1) the data are mapped across the 50 states and DC; (2) national standardized rates are provided for multiple time periods, thus establishing a good baseline for future monitoring of health disparities; and (3) maps of rate ratios are provided, indicating the locations of highest and lowest disparities.
Limitations
This study was subject to several limitations. First, we compared rates for white and black people only because, after stratification, the sample sizes were too small to include other races. Also, in the 2002 enrollment database, the probability that a person was correctly identified as any given race (sensitivity) was 97% for white people, 96% for black people, 52% for Asians, and 33% for Hispanic people. 34 Second, there were areas of the country where we had insufficient data to map rates by county. This lack of data was especially a problem for black people, making it difficult to study and report on disparities in areas other than large urban regions and the South. Third, because Medicare data are used for administrative purposes and not specifically for epidemiologic purposes, data quality depends on accuracy of physician reporting and coding. We found some instability in rates across time, with a large jump in the rates from 2006 to 2007, which we have been unable to explain. Also, the use of administrative data could result in geographic differences in hospital diagnostic procedures, such as whether hypertension is reported as a first or second diagnosis. One group of researchers suggested that such a coding bias would explain the sharp reductions in preventable hospitalizations for angina. 35 However, we found no published evidence that such a coding bias exists for hospitalizations for hypertension.
Fourth, we purposefully included repeat visits in our analyses to fully capture the number of hospitalizations; however, in some counties with a small elderly population, this inclusion of repeat visits resulted in extremely high rates. We examined the number of repeat visits during one year of our analysis (2006) and found that only 4% were repeated, which reassured us that retaining these visits would likely have only a small impact on our overall analysis. Furthermore, we eliminated extremely high rates that fell outside three standard deviations from the mean of the logtransformed distribution. Finally, our analysis only considered age, sex, geography, and comorbidities as possible explanations for the differences between black and white people. While other investigators have found factors (e.g., comorbidity, disease prevalence, physician practice style, and patient preferences) that may help to explain differences between black and white people in overall rates of preventable hospitalizations, there is a mixed and limited literature regarding factors that explain disparities in hospitalizations for hypertension.
Future research should go beyond surveillance and look at possible reasons for these unequal distributions of hospitalizations for hypertension. It might also be useful to explore enrollment in Medicare Part B 36 as an indicator of access to outpatient care. Doing so will require data from multiple sources and the use of multivariate analyses.
concluSionS
We described the national distribution of preventable hospitalizations for hypertension by race and geography from 2004-2009. We showed that black people had higher rates of preventable hospitalizations than white people in every year studied, and that this gap is increasing over time. This research provides a national snapshot of hospitalizations for hypertension, an ACSC that may be reduced as health reforms are implemented in 2014. Examining rates of preventable hospitalizations by race and mapping areas of the country with higher rates or greater disparities is an important public health strategy that will allow health agencies with limited funding to target those areas or populations most in need of early intervention to reduce these hospitalizations.
